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Abstract
Background: Although ‘unhealthy’ diet is a well-known risk factor for non-communicable diseases, its relationship
with socio-economic status (SES) has not been fully investigated. Moreover, the available research has largely been
conducted in countries at high levels of human development. This is the first study to examine relationships
among dietary patterns and SES of children from countries spanning a wide range of human development.
Methods: This was a multinational cross-sectional study among 9–11 year-old children (n = 6808) from urban/
peri-urban sites across 12 countries. Self-reported food frequency questionnaires were used to determine the
children’s dietary patterns. Principal Components Analysis was employed to create two component scores
representing ‘unhealthy’ and ‘healthy’ dietary patterns. Multilevel models accounting for clustering at the school
and site level were used to examine the relationships among dietary patterns and SES.
Results: The mean age of participants in this study (53.7% girls) was 10.4 years. Largest proportions of total variance
in dietary patterns occurred at the individual, site, and school levels (individual, school, site: 62.8%; 10.8%; 26.4% for
unhealthy diet pattern (UDP) and 88.9%; 3.7%; 7.4%) for healthy diet pattern (HDP) respectively. There were
significant negative ‘unhealthy’ diet-SES gradients in 7 countries and positive ‘healthy’ diet-SES gradients in 5.
Within country diet-SES gradients did not significantly differ by HDI. Compared to participants in the highest SES
groups, unhealthy diet pattern scores were significantly higher among those in the lowest within-country SES
groups in 8 countries: odds ratios for Australia (2.69; 95% CI: 1.33–5.42), Canada (4.09; 95% CI: 2.02–8.27), Finland
(2.82; 95% CI: 1.27–6.22), USA (4.31; 95% CI: 2.20–8.45), Portugal (2.09; 95% CI: 1.06–4.11), South Africa (2.77; 95%
CI: 1.22–6.28), India (1.88; 95% CI: 1.12–3.15) and Kenya (3.35; 95% CI: 1.91–5.87).
Conclusions: This study provides evidence of diet-SES gradients across all levels of human development and that
lower within-country SES is strongly related to unhealthy dietary patterns. Consistency in within-country diet-SES
gradients suggest that interventions and public health strategies aimed at improving dietary patterns among
children may be similarly employed globally. However, future studies should seek to replicate these findings in
more representative samples extended to more rural representation.
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Background
The role of diet in the prevention of non-communicable
diseases (NCDs) is well documented [1–5]. Studies in
high income countries attribute disparities in obesity
and health in part to differences in diet quality [6–8].
For most high income countries in general, energy-
dense foods cost less, whereas healthier foods tend to
cost more [7, 9, 10]; thus, diet quality may differ by so-
cioeconomic status (SES) [9, 11]. Some [10–12] but not
all [13] studies in high income countries, report that
healthier diets are associated with higher levels of SES
while unhealthy diets are associated with lower SES.
Consistent with the theory of an epidemiologic transi-
tion [14], it is plausible to speculate that a reverse
relationship would be observed in low-middle-income
countries (LMICs), where rapid urbanization has accel-
erated a nutrition transition [2, 15]. In this setting, high
income groups may consume a more energy-dense or
unhealthy diet than low-income groups [12, 16]. Our
group recently demonstrated the presence of an
epidemiological transition in obesity by showing a strong
relationship between childhood obesity and SES which
was differentially affected by each country’s level of
human development (HDI) [17].
Understanding how broader dietary patterns [18] may
be associated with SES across countries at different levels
of human development, in the context of the ongoing
nutrition transition [2, 15] is important to inform public
health policies and intervention strategies aimed at
preventing NCDs. Level of human development is deter-
mined using the HDI, (a summary measure) of average
achievement in the three dimensions and calculated as a
composite of life expectancy at birth, education and per-
capita income [19]. In the present study, dietary pattern is
defined as a combination of foods and drinks and their
frequency of consumption by the study participants [18].
To the best of our knowledge, no previous study has
examined the relationship between SES and dietary pat-
terns in children across multiple countries representing
different levels of human development. Moreover, the
fact that most of the available evidence has examined
these relationships either only in high-income or low-
income countries separately, limits our understanding of
any similarities or differences across different HDI levels.
Therefore, the purpose of the present study was to
examine these relationships using reported household
income and highest level of parental education as prox-
ies for SES among children from all inhabited continents
of the world and explore if the relationships differ across
levels of human development. We hypothesized that
there would be a gradient in dietary patterns across HDI
levels in relation to within-country indicators of SES.
We further hypothesized that at higher levels of develop-
ment, higher within-country SES would be associated
with healthy dietary patterns whereas lower SES would
be associated with unhealthy dietary patterns; the
reverse was hypothesized for countries at lower levels of
human development.
Methods
Study design and setting
The International Study of Childhood Obesity, Lifestyle
and the Environment (ISCOLE) is a cross-sectional,
multinational study designed to examine relationships
between lifestyle behaviours and obesity among children
in urban/peri-urban areas from 256 schools in 12 coun-
tries (Australia, Brazil, Canada, China, Colombia,
Finland, India, Kenya, Portugal, South Africa, the United
Kingdom and the United States of America). These
countries differ in several SES indicators across a
continuum of HDI and Gini index [20]. Detailed descrip-
tions of the design and methods for ISCOLE have been
reported elsewhere [20]. Briefly, the primary sampling
frame was schools stratified by an indicator of SES to
maximize variability among the recruited schools [20]. A
standard protocol was used to collect data across all
sites, and all study personnel underwent rigorous
training and certification before and continuously dur-
ing data collection to ensure data quality. Data collec-
tion occurred between September 2011 and December
2013. At each study site, data were collected during
the school year. In preparing this manuscript, we
adhered to the STROBE guidelines/methodology for
observational studies.
Participants
ISCOLE targeted grade levels likely to ensure minimal
variability around a mean age of 10 years. All children
within the targeted grade level in a sampled school were
eligible to participate; hence, the sample included 9–
11 year-old children. Based on a priori sample-size and
power calculations [20], each site aimed to recruit a
gender-balanced sample of at least 500 children. Of the
7372 children who participated in ISCOLE, a total of
6808 remained in the present analytic dataset after
excluding participants without valid diet pattern scores
(n = 172), reported level of parental education (n = 361)
and body mass index (BMI) z-score (n = 31). Except for
significantly higher BMI z-scores (p = 0.02), descriptive
characteristics of participants who were excluded for
missing data did not significantly differ from those who
were included in the present analysis.
Measurements
Dietary patterns
The current study uses, as dependent variables, scores
from two standardized principal components represent-
ing a healthy dietary pattern and an unhealthy dietary
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pattern respectively. Details for deriving these principal
components, the scores and all factor loadings for each
pattern are provided elsewhere [18]. In brief, a food
frequency questionnaire (FFQ) (Additional file 1:
Appendix S2) adapted from the Health Behavior in
School-aged Children Survey [21] was used to examine
ISCOLE participants’ ‘usual’ consumption of 23 different
food groups. The FFQ had 7 response categories as
follows: never, less than once per week, once per week,
2–4 days per week, 5–6 days per week, once a day every
day and more than once a day. Reliability (r = 0.52–0.82)
of a 15-item version of this FFQ has previously been
demonstrated for ranking the frequency of consumption
of food items in children [22].
To identify dietary patterns (a combination of foods
and drinks and their frequency of consumption by the
study participants) among the study population, a princi-
pal components analysis (PCA) was carried out using
weekly food consumption frequencies as input variables.
The PCA was performed first using the total data set
and then for each country separately [18]; the dependent
variables used in the present study are the component
scores derived from the total dataset in order to preserve
between-site variability in the measures. The two com-
ponents were selected for analysis based on eigenvalues
and a scree plot analysis [18]. These two components
represented an ‘unhealthy diet pattern’ (UDP, with posi-
tive loadings for fast food, hamburgers, soft drinks,
sweets, fried food etc.) and a ‘healthy diet pattern’ (HDP,
with positive loadings for vegetables, fruit, whole grains,
low-fat milk etc.) [18]. Diet pattern scores were stan-
dardized to ensure normality and higher values for each
score represented either an “unhealthier” or “healthier”
eating pattern, respectively. Most of the strongly loaded
food items in both components were common for all 12
countries [18]. Test-retest reliability of the diet pattern
scores developed for ISCOLE indicated moderate-to-
strong reliability (ICC = 0.56–0.78) [18].
Socioeconomic status
Two different measures of SES were used in the current
study: combined annual household income and self-re-
ported highest level of parental education. For the
former, participants’ legal guardians/parents self-
reported household income using a monetary scale in
the currency of each country. Each country-specific
income scale (8–10 categories) was collapsed into four
levels to facilitate multi-country comparisons [23].
Although not corresponding exactly to quartiles, the
four levels were created to ensure the most balanced
distribution possible within each country [23]. The de-
velopment of categories of each country’s income levels
has been reported in greater detail by Broyles and col-
leagues [17]. For education, participants’ legal guardians/
parents self-reported (both the mother’s and father’s)
highest education levels, which were combined into a
single measure indicating highest level of parental edu-
cation and categorized as ‘did not complete high school’,
‘completed high school or some college’, and ‘bachelor’s
or postgraduate degree,’ to be consistent with other
ISCOLE studies [24].
Country HDI and Gini index
The relationship between dietary patterns and SES
across levels of human development (defined above) was
examined using the 2011 HDI [25]. To further explore
contextual information, the within-country relationships
between dietary patterns and SES were assessed across
levels of inequality using the Gini index, which reflects
the extent to which the distribution of income or
consumption expenditure among individuals or house-
holds within an economy (i.e., within-country) deviates
from a perfectly equal distribution [26]. A Gini index of
0 represents perfect equality whereas an index of 100
represents perfect inequality.
Covariates
Age, sex, and BMI z-scores were included as covariates
in analytic models. Age was computed from birth and
observation dates and sex was recorded on a question-
naire. Height and body weight were objectively mea-
sured using standard procedures and instrumentation by
trained and certified study personnel [20]. Standing
height measured without shoes and with participant’s
head in the Frankfurt Plane was obtained using a Seca
213 portable stadiometer (Seca Corporation, Hamburg,
Germany). After removal of pocket items, shoes and
outer clothing, body weight was measured using a Tanita
SC-240 bioelectrical impedance analyzer (Tanita Corpor-
ation, Tokyo, Japan). Each measurement was repeated
and the average of the two was used for analysis. A third
measurement was obtained if the first two measure-
ments differed by greater than 0.5 cm or 0.5 kg for
height and body mass, respectively. The average of the
closest two measurements was used in the analyses. BMI
(kg/m2) was calculated and age- and sex-specific BMI
z-scores were computed using reference data from the
World Health Organization [27]. Of note, biological
maturity was estimated using the maturity offset method
in ISCOLE; however, because age and weight were
included in the maturity offset calculation, biological
maturity was not included as a covariate in our analyses.
Treatment of missing income level data
Of the 6808 participants retained in the analytic dataset,
417 (6.1%) were missing data on annual household
income. Three sites were missing data in excess of 10%:
Brazil (13.0%), Portugal (13.0%), and South Africa (19.4%).
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Children with missing income data were similar to those
with complete data with respect to both outcomes (UDP,
p = 0.89; HDP, p = 0.65). Missing values for income were
multiply-imputed (5 imputations) using fully conditional
specification (FCS) methods, under missing at random
(MAR) assumptions [28] and using SAS version 9.3
(PROC MI). Country-specific models were used to impute
income categories according to country-specific income
scales. These results were subsequently collapsed into four
income levels to facilitate comparisons across countries
(described above). All analyses involving income were
conducted within each of the five imputed datasets, and
results were averaged, and standard errors adjusted appro-
priately, using the MIANALYZE procedure in SAS. As a
sensitivity analysis, we compared results to those resulting
from a complete-case analysis. Because results were simi-
lar, we have chosen to present those that include the
imputed data to maintain a consistent sample size across
analyses with either SES measure.
Statistical analysis
Statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA). Descriptive charac-
teristics (means ± SD) of participants were computed by
sex for each study site. Multilevel mixed-effects models
(SAS PROC MIXED and PROC GLIMMIX) accounting
for clustering at the school and study site levels were
used to examine within-country SES gradients in dietary
patterns. The denominator degrees of freedom for statis-
tical tests pertaining to fixed effects were calculated
using the Kenward and Roger approximation [29].
Schools (nested within study sites) were treated as hav-
ing random effects, while study site was treated as either
a fixed or random effect depending on the analysis.
Income-by-study site and level of education-by-study
site interactions were used to test for differences in asso-
ciations between SES and dietary patterns across study
sites. Least square means for dietary patterns in each
country were estimated and linear trends assessed.
Furthermore, UDP and HDP scores were dichoto-
mized: (<0; low score and ≥0; high score) to calculate
the odds of having high scores for participants in the
lowest within-country income or education group com-
pared to the highest group. Covariance parameter
estimates were used to compute intraclass correlation
coefficients (ICC) indicating how much of the total
variance in dietary patterns was attributed to individuals,
schools or study sites. Because age did not have signifi-
cant main effects on dependent variables (UDP, p = 0.98;
HDP, p = 0.16), it was not included in the final analytical
models. Additionally, because we found no significant
effects of HDI on dietary patterns, the results are not
presented. P-values less than 0.05 were considered statis-
tically significant.
Results
Table 1 presents descriptive characteristics of the
sample, stratified by sex and country (study site). The
average age for the sample in the present study (53.7%
girls) was 10.4 (0.6) years. Frequencies across the income
levels and country currency ranges per within-country
income level for each of the 12 countries are presented
elsewhere [22]. ISCOLE study sites represented levels of
HDI ranging from low (0.509, Kenya) to very high
(0.929, Australia), and Gini index ranging from low
(27.7, Finland) to high (63.1, South Africa).
Results from the multilevel models showed that the
largest proportion of total variance in dietary pattern
scores occurred at the individual level, with sizable
proportions at the school and site levels (individual,
school, site: 62.8%; 10.8%; 26.4%) for UDP and (88.9%;
3.7%; 7.4%) for HDP, respectively. Our analyses revealed
similar directionality in dietary pattern-SES gradients
across the 12 sites, for both measures of SES. However,
the dietary pattern-income gradients varied significantly
across sites (Site-by-income interaction: p = <0.0001
(UDP), p = 0.05 (HDP)). Table 2 presents least square
means (SE) for the relationships among dietary pattern
scores and income levels stratified by country (study
site). There were significant negative linear trends
among UDP scores and income level in 7 of the 12
countries (i.e., an unhealthy dietary pattern was associ-
ated with lower SES). However, the relationship among
HDP and income level was positive (i.e., a healthy diet-
ary pattern was associated with higher SES) and showed
significant linear trends in 5 of the 12 ISCOLE countries.
Relationships among within-country dietary patterns and
highest level of parental education were generally similar
to those for income level (Table 3).
Our findings showed that there were no significant sex
differences in within-country income gradients for either
outcome (p for sex-by-income level interaction = 0.5,
UDP; p = 0.6, HDP); thus, results were pooled for pres-
entation. We found no significant HDI (UDP, p = 0.4;
HDP, p = 0.9) nor HDI-by-income level interactions
(UDP, p = 0.9 and HDP, P = 0.2) effects on dietary
pattern scores (data not shown). Gini index (p = 0.005)
but not Gini-by-income level interaction (p = 0.97) had
significant main effects on UDP scores.
Figure 1 shows the odds for participants in the lowest
income (level 1) or education group (parents did not
complete high school) compared to the highest group
(income level 4 or parents with a degree/postgraduate
degree) [17] for both higher UDP and higher HDP
across the 12 ISCOLE countries. The odds of higher
UDP scores for the lowest income groups were signifi-
cant in Australia (2.69; 95% CI: 1.33–5.42), Canada
(4.09; 95% CI: 2.02–8.27), Finland (2.82; 95% CI: 1.27–
6.22), USA (4.31; 95% CI: 2.20–8.45), Portugal (2.09;
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95% CI: 1.06–4.11), South Africa (2.77; 95% CI: 1.22–
6.28), India (1.88; 95% CI: 1.12–3.15) and Kenya (3.35;
95% CI: 1.91–5.87). The odds for higher HDP scores
were significantly lower among lowest compared to
highest income groups in 4 countries: Canada (0.31; 95%
CI: 0.18–0.53), Portugal (0.52; 95% CI: 0.29–0.93),
Colombia (0.53; 95% CI: 0.32–0.88) and India (0.46; 95%
CI: 0.27–0.76). The results were approximately similar
when using either household income or highest level of
parental education as proxy for SES.
Discussion
To our knowledge, the present study was the first to
examine and show within-country income-dietary pat-
tern gradients across 12 countries from five major geo-
graphic regions of the world and widely differing human
development levels. Results from the present study
revealed that SES is strongly related to children’s dietary
patterns across countries. Contrary to our hypothesis
that within-country SES-diet patterns would show differ-
ent relationships in high vs. low development countries,
similar to what we have reported for obesity [17], our
findings instead demonstrated that, at all levels of
country-level human development, lower income or
lower levels of parental education were associated with
higher consumption of unhealthy foods (higher UDP
scores) and lower consumption of healthy foods (lower
HDP scores). Moreover, results showed significant
inverse linear trends between within-country unhealthy
dietary patterns and income level, and the reverse for
healthy dietary patterns and income level, in at least half
of the countries.
Fig. 1 Odds of higher UDP/HDP scores for (a) lowest vs. highest income group and (b) lowest vs. highest education group in each country.
Countries are arranged in descending order by HDI
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Our finding showing that, around the world, low in-
come groups were more likely than high income groups
to have higher UDP and lower HDP scores is in line
with previous research findings [11, 29] and may be
related to the fact that unhealthy foods generally cost
less [9, 12, 30] and thus may be the only affordable
choice for low income groups. Darmon and others [31]
described an inverse relationship between dietary-energy
density and diet cost in a sample of French adults and
suggested that dry processed foods are less costly than
healthier perishable meats or fresh produce. Further-
more, the positive relationship between healthy eating
(HDP) and income may be explained by the fact that
healthier diets have been reported to cost more [32];
hence, those in high income groups may be more likely
to afford this pattern of eating. However, the potential
influence of other unmeasured variables such as culture,
nutrition, education, availability of healthy food choices
in inner cities or low income areas, ability to afford
school lunches or convenience which may be correlated
to SES cannot be discounted.
The finding showing that the Gini-index was signifi-
cant related to consumption of unhealthy foods (UDP)
and not healthy foods (HDP) may suggest that public
health efforts aimed at improving diet quality should
focus on addressing unhealthy dietary patterns and pro-
mote healthy eating in conjunction with messages and
strategies to reduce income inequality. This finding
might partly explain why Finland, with the lowest Gini
index (i.e., displaying the least income inequality) had
the lowest UDP scores and South Africa with the highest
Gini index (i.e., greater inequality) had the highest UDP
scores. Focusing on reducing unhealthy dietary patterns
may be a more urgent strategy given the documented
relationship with non-communicable diseases (NCDs)
[1, 3, 33]. Results from a recent multi-national study
showed that consumption of healthier foods has
modestly improved globally over the past two decades
whereas that of unhealthier foods has significantly
increased especially in low-middle-income countries
(LMICs) [34].
The fact that our study showed significant within-
country linear trends in dietary patterns across income
levels in most of the study sites supports our first
hypothesis that anticipated a similar gradient in dietary
patterns across HDI levels in relation to household
income. Our findings are consistent with results re-
ported by Pechey & Monsivias’ recent cross-sectional
study [29], showing greater food expenditure, which in
turn was associated with healthier purchasing behaviors
among adults from high income groups in the United
Kingdom. The similarity in the direction of within-
country diet-income gradients suggests that joint inter-
vention strategies or public health messages aimed at
improving diet quality could be similarly employed in
urban and peri-urban areas across different countries.
However, because our sample included only children
living in urban and peri-urban areas, our results may not
generalize to rural areas especially for countries at the
lower end of human development where dietary patterns
and access to food/agriculture may be very different to
that of urban areas.
The finding that most countries in the present study
display similar directionality of diet-income gradients
despite being at different levels of human development
contradicts our hypothesis that at lower levels of devel-
opment, higher household income would be associated
with unhealthy dietary patterns whereas lower house-
hold income would be associated with healthy dietary
patterns. This contrary finding may indicate that in
urban areas of the ISCOLE countries, the nutrition tran-
sition may be nearly complete, unlike our expectations
which were partly based on apparent obesity trends in
the same sample [17]. A previous study [18] found
strong correlations between country-specific and pooled
dietary patterns among the ISCOLE countries. Popkin
and colleagues [2] described changes across LMICs in
diets, moving from being traditional and converging to-
ward a more “Western diet” characterized by highly
processed, energy-dense foods that are high in fat and
added sugar [35]. Reardon and colleagues [36] attributed
the change in diets across LMICs to modern food distri-
bution, which is now dominated by super-and mega-
market companies that have replaced fresh or public
markets throughout the developing world.
A major strength of the present study is that it had a
large multinational sample of children from low-medium
and high income countries at various levels of human de-
velopment. Furthermore, the use of a standardized data
collection protocol and rigorous quality control measures
yielded high-quality data. There are important limitations
to the present study worth noting including that this was
a cross-sectional study and therefore causality may not be
inferred. Second, the diet pattern scores were derived
from self-reported data, which has potential for recall bias,
and the instrument we used did not account for volume
of ‘healthy’ or ‘unhealthy’ food consumption. Further-
more, food consumption was assessed with an exclusive
list of food items (quite Western orientated) and thus may
not have captured all aspects of diets around the world.
However, the use of a valid and reliable instrument
[37] was intended to minimize error and bias. Third, the
ISCOLE sample was drawn from urban and peri-urban
areas, thus our results may not be generalizable to rural
areas, especially in LIMCs where dietary patterns of
rural vs. urban children are more likely to be signifi-
cantly different [16]. Finally, the potential confounding
effects of unmeasured variables cannot be discounted.
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Conclusion
Our study provides evidence showing that children’s
dietary patterns are related to their SES. Our findings
demonstrate that, around the world, unhealthy dietary
patterns are strongly related to SES with those in lower
income groups having higher UDP scores hence the
need to link policies or intervention strategies aimed at
improving diet quality to the economics of food. Given
the link between unhealthy diet and NCDs, there is a
need to better understand these relationships. Future
studies should explain and breakdown these relation-
ships further. It is also important for future research to
replicate and extend this work to include rural areas
where dietary patterns may be very different from those
of urban and peri-urban areas. Furthermore, interven-
tion studies may be needed to assess causation.
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